Kidney abnormality detection and classification using ultrasound vector graphic image analysis by Wan Mahmud, Wan Mahani Hafiza
  
 
KIDNEY ABNORMALITY DETECTION AND CLASSIFICATION USING 
ULTRASOUND VECTOR GRAPHIC IMAGE ANALYSIS 
 
 
 
 
 
 
 
 
 
 
 
 
WAN MAHANI HAFIZAH BINTI WAN MAHMUD 
 
 
 
 
 
 
 
 
 
 
 
 
UNIVERSITI TEKNOLOGI MALAYSIA 
 
 
 
i 
 
 
 
 
 
 
KIDNEY ABNORMALITY DETECTION AND CLASSIFICATION USING 
ULTRASOUND VECTOR GRAPHIC IMAGE ANALYSIS 
 
 
 
 
 
 
 
WAN MAHANI HAFIZAH BINTI WAN MAHMUD 
 
 
 
 
 
 
 
A thesis submitted in fulfilment of the 
requirements for the award of the degree of 
Doctor of Philosophy (Biomedical Engineering) 
 
 
 
 
 
Faculty of Biosciences and Medical Engineering  
Universiti Teknologi Malaysia 
 
 
 
 
 
JULY 2013 
 
 
 
 
iii 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Dedicated to 
Mak (Fatimah binti Haron) & Where (Wan Mahmud bin Wan Idris), 
Beloved siblings, relatives, and friends 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
iv 
 
 
 
 
 
ACKNOWLEDGEMENT 
 
 
 
 
All praise to Allah, the Almighty, the Benevolent for His blessings and 
guidance to me and bestowing upon me wisdom, ideas and strength to successfully 
complete this PhD thesis.  
 
I would like to express my very special thank to my supervisor, Professor Dr. 
–Ing Eko Supriyanto for his guidance and contribution of time, ideas and energy in 
making my PhD experience productive and stimulating. The enthusiasm he has as an 
academia is motivational for me even during the tough time in this PhD pursuit. I am 
thankful to him for an excellent example he has provided throughout my study 
period. 
 
Most prominently, I would like to extend my warmest gratitude to my 
beloved parents and siblings for their precious support, patience and assurance 
throughout my education in Universiti Teknologi Malaysia (UTM). They always 
being my stand all through the period of my education, and I will always be 
appreciative for their never-ending love, sacrifice and generosity. Special thanks to 
all my fellow friends, especially Diagnostics-RG members and all of those who 
supported me in any respect during the completion of the project.  
 
 
 
 
 
 
 
 
 
v 
 
 
 
 
 
ABSTRACT 
 
 
 
 
Ultrasound imaging has been widely used in kidney diagnosis, especially to 
estimate kidney size, shape and position, and to provide information about kidney 
function, and to help in diagnosis of structural abnormalities like cysts, stone, and 
infection.  However, the use of ultrasound in kidney diagnosis is operator dependent 
where the images may be interpreted differently depending on operators’ skills and 
experiences, variations in human perceptions of the images, and differences in 
features used in diagnosis.  Current kidney diagnosis may be improved by 
implementing automated techniques and computer aided diagnosis systems, but have 
not been widely explored.  Therefore, this study proposed a vector graphic image 
formation method which enables the ultrasound images to be manipulated for various 
applications including region of interest (ROI) generation, cysts detection and 
segmentation and abnormality classification.  Automatic kidney ROI generation 
algorithm able to achieve 89.6% true ROI when tested with 125 kidney images.  
Besides that, the vector graphic formation helps in detection and segmentation of 
cysts automatically with high accuracy (true positive area ratio = 0.9584, similarity 
index = 0.9439, Hausdorff distance = 11.4018) and less execution time (11.4 
seconds).  Performance evaluation to 50 single cyst images, and 25 multiple cysts 
images gave accuracy of 92%, and 86.89% respectively.  This vector graphic 
formation also helps in extracting better features that successfully classify kidney 
ultrasound images into three different groups namely normal, infectious and cystic 
with testing and validation accuracy of 93.33% and 91.67% respectively (p<0.05).  
Overall, this study has shown promising results and implementation of these 
proposed algorithms into current kidney diagnosis technique may help in improving 
current diagnosis accuracy while reducing human intervention and operator 
dependency. 
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ABSTRAK 
 
 
 
 
 Pengimejan ultrabunyi telahpun digunakan secara meluas dalam diagnosis 
ginjal, terutamanya untuk menganggar saiz, bentuk dan kedudukan ginjal, 
mendapatkan maklumat tentang fungsi ginjal dan membantu mengesan struktur 
abnormal seperti cysts, batu karang dan jangkitan.  Namun begitu, penggunaan 
ultrabunyi dalam diagnosis ginjal sangat bergantung kepada pengendali mesin, 
dimana imej ginjal akan ditafsirkan secara berlainan bergantung kepada kebolehan 
dan pengalaman pengendali, kepelbagaian dalam persepsi individu terhadap imej 
tersebut, dan perbezaan ciri yang digunakan untuk diagnosis.  Diagnosis ginjal ini 
boleh diperbaiki dengan menggunakan teknik automatik dan sistem pengesanan 
berkomputer. Walau bagaimanapun, teknik ini masih belum dikaji dengan meluas.  
Justeru, kajian ini mencadangkan kaedah pembentukan imej grafik vektor (vector 
graphic image formation), yang membolehkan imej ultrabunyi dimanipulasikan 
untuk pelbagai kegunaan termasuk penjanaan rantau berkepentingan (ROI), 
pengesanan cysts dan pengelasan penyakit.  Pengujian algoritma ROI secara 
automatik ke atas 125 imej ginjal menunjukkan ianya mampu mencapai 89.6% 
ketepatan ROI sebenar.  Selain itu, pembentukan imej grafik vektor membantu 
mengesan dan mengasing cysts dengan ketepatan yang tinggi (nisbah kawasan positif 
= 0.9584, indeks kesamaan = 0.9439, jarak Hausdorff = 11.4018) dan masa yang 
singkat (11.4 saat).  Penilaian prestasi terhadap 50 imej cyst tunggal dan 25 imej 
pelbagai cysts memberi ketepatan sebanyak 92% dan 86.89% setiap satunya.  
Pembentukan imej grafik vektor juga membantu mengekstrak ciri yang lebih baik 
dan berjaya mengelaskan imej ultrabunyi kepada tiga kumpulan, iaitu normal, 
jangkitan dan cystic dengan ketepatan pengujian dan penentusahihan (validation) 
sebanyak 93.33% dan 91.67% setiap satunya (p<0.05).  Secara keseluruhan, kajian 
ini telah menunjukkan keputusan yang baik, dan pelaksanaan algoritma ini dalam 
diagnosis ginjal dapat memperbaiki ketepatan pengesanan sedia ada, selain 
mengurangkan campur tangan manusia dan kebergantungan terhadap pengendali. 
